Background and Purpose: Cerebral embolism from extracranial sources is an important cause of ischemic stroke. The purpose of this limited study using long-term transcranial Doppler ultrasonographic monitoring was to estimate the frequency of clinically silent intracranial embolisms in patients with symptomatic extracranial carotid artery disease.
T he majority of acute ischemic strokes have been assumed to arise from extracranial-to-intracranial thromboembolism. 1 -3 Evidence for the importance of this pathogenetic mechanism is based mostly on early angiography 3 and observations made post mortem. 1 ' 2 Recently, Spencer and colleagues 4 described the direct detection of formed-element emboli in the intracranial circulation by means of transcranial Doppler ultrasonography (TCD). They defined TCD signal characteristics of gaseous and nongaseous emboli in the middle cerebral artery (MCA) of patients undergoing carotid endarterectomy. 4 In the present communication, we report our experience with long-term TCD monitoring in the detection of intracranial formedelement embolism in patients with symptomatic atherosclerotic stenosis or occlusion of the extracranial internal carotid artery (ICA).
Subjects and Methods
To assess the frequency of arterial embolism in cerebrovascular disease, we have begun to monitor patients with extracranial carotid artery disease and recent (<4 weeks) recurrent ischemic events of the corresponding intracranial territory. Results obtained in three consecutive patients meeting these criteria are presented here. Clinical characteristics and findings on cranial computed tomography, magnetic resonance imaging, and intra-arterial angiography are summarized in Table 1 . At the time of the TCD recording, all three patients were treated with intravenous heparin sodium in a dosage considered to be effective (partial thromboplastin time >60 seconds; normal range, 28-40 seconds). Patient 1 was also examined after replacement of heparin by oral aspirin. In addition, 10 control subjects (median age, 32 years; range, 24-73 years) without cerebrovascular or cardiac disease were monitored over a total TCD investigation time of 25 hours.
A microprocessor-controlled directional 2-MHz pulsed-wave transcranial Doppler device (model TC2000S, EME, Uberlingen, FRG) was used for simultaneous insonation of the MCA and anterior cerebral artery (ACA) at the intracranial ICA bifurcation 5 and for insonation of the ophthalmic artery. Axial width of the sample volume was 15 mm. A high-pass filter was set at 100 Hz to eliminate low-frequency arterial wall vibrations. Emitted ultrasonic power at the probe surface was 50-100 mW/cm 2 during transtemporal insonation and 5-10 mW/cm 2 during transorbital insonation. The Doppler probe was hand held or affixed with a head tape to the lateral temporal region (MCA, ACA) or hand held during transorbital insonation (ophthalmic artery). The subjects were in a supine or sitting position. They were examined continuously over 1-2 hours per recording session. Two different probes were used to exclude possible technical artifacts originating from the transducer. The amplitude of frequencies in each vertical line of the fast Fourier-transform spectra (128 points) was color coded. Each of 15 steps in the color scale corresponded to a difference of 3 dB. The following criteria were used to define a signal as indicating a formed-element embolus: signal occurring within the blood flow velocity spectrum; signal intensity >9 dB compared with background intensity of the spectrum; signal duration <70 msec. Artifacts produced by dislocation of the Doppler probe, movement of the subjects, or twitches of the eyelids could be clearly distinguished from signals indicating emboli, the former being characterized by bidirectional Doppler signals, broader velocity spectra, or longer signal durations.
Results
In each of the three patients, intracranial emboli were detected in the MCA and ACA ipsilateral to the clinically symptomatic ICA (Figure 1 , Table 2 ). This was the case on each of several days on which TCD monitoring was performed. No emboli occurred contralaterally. In patient 3, emboli were also observed in the ipsilateral ophthalmic artery (Figure 1 ). Total TCD recording times, numbers, and vascular distributions of d) Table 1 ) emboli are presented in Table 2 . Intensity amplitudes of emboli in the fast Fourier-transform Doppler spectra exceeded background intensity by 12-21 dB. Mean±SD signal duration was 47 ±14 msec. Signals occurred randomly and seemed to be preferentially located in the upper range of the velocity spectrum (Figure 1 ). Features of the displayed signals, such as duration, intensity, or occurrence relative to cardiac cycle, were different for each embolic event. The average frequency of embolism,was 4.1 events/hr recording time (averaged across all three patients for transtemporal TCD recordings ipsilateral to the clinically symptomatic ICA) (Table 2). None of the patients reported symptoms associated with TCD-detected embolic events. No emboli were detected in the 10 control subjects.
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Discussion
There is strong evidence that the TCD signals observed in the present study represented intra-arterial emboli. First, the signals were detected only ipsilateral to recurrently symptomatic ICA stenosis or occlusion, never contralaterally or in control subjects. Second, signal intensity, duration, and location in the velocity spectra closely corresponded to the findings of Russell et al, 6 who used the same TCD equipment in experimental arterial thromboembolism. Third, the TCD signals were similar to those attributed to formed-element emboli by Spencer et al, 4 who examined humans before, during, and after carotid endarterectomy. Further validation studies are needed to establish correlations between TCD characteristics, size, and composition of cerebral emboli.
The results reported here suggest that even under anticoagulation, clinically silent embolism of the intracranial circulation may be common in symptomatic atherosclerotic ICA disease. The frequency and vascular distribution ( Table 2 ) of embolic events may be substantially underestimated by clinical or radiological evaluation alone. Of course, our threshold criteria for identifying emboli did not exclude even higher rates of embolism by "smaller" formed elements. The high probability of detecting arterial emboli within only a few hours' recording time promises that TCD monitoring will be a powerful diagnostic tool.
More than 30 years ago, Fisher 7 and Ross Russell 8 were the first to report direct observation of retinal emboli in transient monocular blindness. Since then, transient retinal ischemia has been viewed as the prototype of embolism as the cause of ischemia in the ICA territory. TCD monitoring now provides a noninvasive method for investigating embolic phenomena in cerebral ischemia as well. Further studies will have to consider the role of this method in identifying high-risk patients among those with carotid stenosis, in analyzing the pathogenesis of cerebral ischemia in symptomatic carotid occlusion, 9 ' 10 
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